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FOREWORD 

The t e s t s  described herein were conducted 
under NASA Apollo Contract NAS 9-150 during t h e  
period from 2 May 1962 t o  12 Ju ly  1962. 

This repor t  was prepared by H. Gorowitz of 
t h e  Wind Tunnel Projects  Group, Los Angeles 
Division. 
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ABSTRACT 

This report  contains r e s u l t s  of heat transfer 
and pressure tests of t h e  0.01875-scale Apollo 
models H-6 and PS-6. 
t h e  NAA 12-inch Shock Tunnel (ST-4) at Mach numbers 
of 15.5, 16.8, and 18.3. 

The t e s t s  were conducted i n  

Presented i n  t h i s  report  are tabulated heat 
flow rates and absolute pressure data f o r  each t e s t  
condition. This report  contains basic  wind tunnel  
test data only, i n  order t o  make t h e  tes t  r e s u l t s  
avai lable  at  t h e  earliest possible date. Analysis 
and summary of r e s u l t s  will be reported later under 
separate cover. 

Stagnation point heating rates were a l s o  
obtained on a 1.75-inch diameter sphere model. 
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I. INTRODUCTION 

Shock Tunnel t e s t s  of t h e  0.01875-scale Apollo models H-6 and PS-6 were - conducted t o  invest igate  the  heat flow rate and absolute pressure d is t r ibu t ions  
on the  command module. 

The command module was t es ted through an angle of a t tack  range of U+OO t o  
180O. 

Stagnation point heat t r ans fe r  tests were a l s o  performed on a 1.75-inch 
diameter sphere t o  evaluate the  va l id i ty  of t he  heating r a t e  measurements on 
the  Apollo command module. 

P re t e s t  information was given in Reference ( a ) ,  
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11. REMARKS 

PRESSURE MODEL 

Acquisition of pressure data was r e l a t ive ly  trouble f ree .  
required i n  estimating expected pressure leve ls  i n  order t o  avoid saturat ion 
of t he  ca r r i e r  amplifiers due t o  excessive transducer s igna l  levels .  The 
ac tua l  ca l ibra t ion  curves were used, ra ther  than l i nea r  slopes, t o  reduce 
data suspected of being i n  the  saturated region of amplifier operation. 

Care was 

Vibration s e n s i t i v i t y  of the  Hidyne pressure transducers was a problem 
i n  the  measurement of t he  very low pressure l eve l  occuring i n  the nose cone 
region of the model. 

HEAT TRANSFER MODEL 

Erosion of t he  thin-film heat t ransfer  gages due t o  impact of pa r t i c l e s  
from the  primary diaphram w a s  a major problem. 
i n s t a l l e d  a t  t he  nozzle t h r o a t  entrance, reduced gage erosion by 60 per cent 
as measured by t h e  resis tance r i s e  of t he  gage from run t o  run. 
t r ans fe r  t e s t  schedule was not completed due t o  lack of gages since the  baf f le  
p la te  was not fabr icated and ins ta l led  u n t i l  l a t e  i n  the  t e s t .  

A baf f l e  plate,  which was 

The heat 

About twenty 
gages were destroyed by erosion during the  t e s t .  

\ 
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111. M0DE;L DESCRIPTION 

A. GENERAL 

The models of t h e  Apollo command module t e s t ed  were used previously 
duplicate t h e  current configuration. 

The Pressure Distr ibut ion model was 8 hollow aluminum she l l ,  i n  which 
t h e  pressure transducers were placed. 
t o  a vacuum reference tank, t o  provide a reference pressure f o r  t he  d i f f e r e n t i a l  
transducers. 

f o r  pre-proposal s tud ies  and do 

The model body was sealed and connected 

The Heat Transfer model was similar t o  t h e  Pressure Distribution model 
except t h a t  t h e  i n t e r n a l  cavi ty  was not sealed, and heat t r ans fe r  gages were 
i n s t a l l e d  f lush  with t h e  surface of the  model. 

Both of t h e  above models were supported by s t ings  which ex i ted  from t h e  
nose cone a t  an angle of 35" t o  t h e  axis of symmetry. 

The ca l ibra t ion  sphere model was fabr ica ted  from a 1.75-inch diameter 
p l a s t i c  f i sh ing  f l o a t .  

The model design drawings are l i s t e d  i n  Section V of t h i s  report ,  
References (b) and (c) .  
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C .  MODEL NOMENCLATURE AND FULL-SCALE DIMENSIONS 

Model Factor 0.01875 

Command Module, C21 

M a x i m u m  Diameter, in.  
Radius of Spherical  Blunt End, in .  
Corner Radius, in .  
Nose Cone Semi-angle, deg. 
Nose Cone Vertex Radius, in.  

- 6 -  

160.0 
192 .O 

8.0 
35 .O 
10.48 

SID 62-1072 - 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE: snd INEWRhlATION SYSI'l;LIS DIVISlON 

IV. TEST PROCEDURE 

A .  TEST NOkZNCLATURE 

P 

90 

P O  

PO 

HO 

TT 
rn 

Re/l 

m- 
S 

r 

Freestream Mach number 

Freestream velocity, fps 

Freestream static pressure, psia 

Local orifice pressure, psia 

Freestream dynamic pressure, psia 

Frees tream density , slugs/f t3 
Frees tream absolute viscosity, lb-sec/ft2 

Reservoir pressure, psia 

Reservoir temperature, O R  

Freestream static temperature, OR 

Reservoir enthalpy, BTU/lb 

Reynolds number per foot 

Total pressure behind normal shock, psia 

Heating rate, BTU/ftz-sec 

Nozzle throat diameter, in 

Distance to orifice from center of pointed end of model measured 
along surface of model, positive on windward side, in 

Radius of conmand module at maximum section, in 

Siibscript, rzferriiig to particular heat transfer gage cr pressure 
orifice location 

Angle of plane of instrumentation relative to pitch plane, deg 

Angle of attack of model,&= 0" when pointed end of command I 
module faces airstream, deg 
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0 B. MODEL INSTALLATION 

Separate Heat Transfer and Pressure models were used during the  t e s t .  
Each model had i t s  own i n t e g r a l  s t i n g  which exi ted from t h e  nose cone at  an 
angle of 35" t o  t h e  axis of symmetry. 

The model face was ro t a t ed  i n  order t o  obtain data a t  A = 45". 

The Apollo model andsphere model i n s t a l l a t i o n  sketches are shown in 
Figures (1) and (2) respectively,  appendix B. 

C . INSTRUMENTATION 

Seven Hidyne var iab le  reluctance, wafer-type transducers were mounted 
ins ide  t h e  Pressure model and connected t o  the  surface pressure o r i f i ce s .  
The e l e c t r i c a l  s igna ls  from the  transducers were each transmitted v i a  a 
channel of a C .E .C . 1-127 c a r r i e r  amplifier t o  a galvanometer i n  a C .E .C . 
1-14 direct-writ ing oscillograph. 
held constant during each run i n  order t o  provide a reference pressure f o r  t h e  
transducers.  
and 3.0 psid.  

The inside of t h e  model w a s  evacuated and 

The range of transducers used during t h e  t e s t  were 0.5 psid 

Thin film platinum res i s tance  thermonieters fabr icated by N U  were f lush  
mounted i n  t h e  Heat Transfer model t o  Keasure surface heating rates. 
c a l  s igna l s  from t h e  heat t r ans fe r  gages were recorded by Tektronix Dual-Beam 

Electri- 

Oscilloscopes. a 
The heat t r ans fe r  gages were cal ibrated d i r e c t l y  i n  terms of heat trans- 

The emissivi t ies  of t he  heat t r ans fe r  
f e r  rate by exposure t o  a radiant  heat source which was i n i t i a l l y  ca l ibra ted  
with a secondary standard calorimeter. 
gages and t h e  secondary standard calorimeter were t h e  same. 

The Cal ibrat ion Sphere model was instrumented with one heat transfer 
gage a t  t h e  stagnation point. 

The following sketches and tabulat ions show pressure o r i f i c e  locations,  
transducer range, and heat t r ans fe r  gage locations.  
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0 D. DATA REDUCTION 

A l l  data was reduced manually using the  equations and procedures outlinyd 
i n  Reference (a). 

It was determined after t h e  t e s t  t h a t  the  monitor p i t o t  was mounted 
s l i g h t l y  outs ide of the  core, Therefore, tes t  conditions were re-evaluated 
from a p i t o t  rake survey, t he  resul ts  of which are presented i n  Figure 5 ,  
appendix B. 

The ca l ib ra t ion  sphere stagnation point heat t r ans fe r  data are compared 
with Fay-Riddell Theory i n  Figure 6, appendix B. 
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V.  REFERENCES 

(a)  NA-62-459, “Pretest  Information, NAA Shock Tunnel, Apollo .01875-Scale 
Pressure and Heat Transfer ModelsII 

(b) Q 61-21-3, Heat Transfer Model, Apollo Proposal H-6 

(c )  62 61-21-5, Pressure Model, Apollo Proposal PS-6 
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C .  Heat Transfer Data 

Calibration Sphere Model 

Stagnation Point Heating Rate BTU/ft2 - sec. 

27 18.3 

28 18.3 

29 16.8 

30 15.5 

31 12.3 

0 17.5 

0 21.2 

0 26.7 

0 17.5 

Note: See Figure 6 f o r  comparison of measured 
heating r a t e s  with theory. 
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K Y  

FIGURE 3 .  Apollo Command Module (H-6) Ins t a l l ed  I n  NAA Shock Tunnel 
( O C  = 180") 
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FIGURE 4. Sphere Model Ins ta l led  in NAA Shock Tunnel ( OC = 0.) 
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